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This grant has b.zen used principally as "seed" mxey 
to promate the activities of a number of working parties, 
as indicated later in this report. Thus we have supportcd 
secretaries and other support staff whose help would result 
in acceleration of research progress, paid graduate student 
stipends, brought in outside consultants, paid a variety of 
faculty salaries, and in this way have catalysed the form- 
ation of working parties which involve about 30 faculty 
members, 12 post-doctoral fellows and 7 graduate students. 
We have also supported a summer workshop on Transsort 
Theory (June - July, 1965), and assisted in a symposiu.3 on 
Drugs Affecting Immunity (September i966). 
In this way the grant has promoted a large amount of 
interdisciplinary interdepartmental activity which is 
having a valuable effect upon the organisation and capacity 
of the  university. Twelve departments now participate in 
the work of the Center. 
The Center will move into a new set of offices in the 
f a l l  of 1967. 
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I n  the following pages r e p o r t s  are l i s t e d  of 
the work of a l l  menbers of t h e  Center who have i n  any 
way b e n e f i t t e d  by s u p p r t  from t h i s  gran t .  
R. Abbott, Assoc ia te  Professor i n  Department of 
I n t e r d i s c i p l i n a r y  S tudies ,  School of Engineering 
The fou r  months of half- t ime support  furn ished  by t h e  
T h e o r e t i c a l  Biology Center  t o  m e  were u t i l i z e d  i n  s e v e r a l  ways, 
F a m i l i a r i z a t i o n  wi th  areas c u r r e n t l y  under i n v e s t i g a t i o n  by 
members of t h e  Center  (and by o the r s ,  as w e l l )  w a s  brought 
about by a t tendance  a t  lectures and seminars sponsored by t h e  
Center, and by pe r sona l  contac t .  Background reading w a s  a lso  
undertaken, mostly i n  t h e  f i e l d  02 s t a t i s t i ca l  mechanics of 
macromolecules. F i n a l l y ,  some time was spen t  on a pre l iminary  
t h e o r e t i c a l  t rea tment  of pre-exponential  t e r m  effects (includ- 
i n g  entropy and v i b r a t i o n a l  terms) on the  f i e l d  deso rp t ion  of 
b i o l o g i c a l  macromolecules ( t h e  t r a n s f e r  RNA' s i n  p a r t i c u l a r )  . 
E. A. Barnard, Professor 
Department of Biochemistry, School of Pharmacy 
Research P r o l e c t  s 'Jndert -_I_ a-ken 
The following t h e o r e t i c a l  projects have been undertaken 
i n  t h i s  period. 
a. Theore t i ca l  work on des ign  of low molecular 
weight compounds having enzymic p r o p e r t i e s  
( a r t i f i c i a l  enzymes) and r e l a t e d  experimental  
work. 
b. Theore t i ca l  and experimental  a n a l y s i s  of techniques  
for  l a b e l i n g  of receptor- type s t r u c t u r e s  i n  cells .  
c. Assembly of a d a t a  r e t r i e v a l  system for t h e  f i e l d  
of enzyme s t r u c t u r e  and funct ion.  I n  t h i s  project, 
a complete cross-referenced l i b r a r y  of a l l  c u r r e n t  
p u b l i c a t i o n s  i n  molecular enzyrrology has  been 
e s t ab l i shed .  
John Abernethy, Research I n s t r u c t o r  
Department of Biophysics, School of Medicine 
Research Project Undertaken -
Mathematical modeling of phys io log ica l  systems 
Meetings Attended 
American Phys io logica l  Society,  Houston, Texas, 
" I n e r t  Gas Tension i n  Urine: 
c u r r e n t  'Mult ipl icat ion",  Septeniber, 1966, 
Possible Evidence for  Con- 
.. I .  .. ,! r "  c .. 4.  
/b 
R. Blakcly, Associate  P ro fes so r  
Department of blatheinatics 
The a p p l i c a t i o n  of Liapunov methods and hon: logeneous 
polynomial t ransformat ions  t o  problems i n  ecology and popu- 
l a t i o n  gene t i c s ,  involving natural s e l e c t i o n .  25% of m y  
t i m e  has been spent  on t o p i c s  related t o  biology. 
I . 
I 
P e t e r  Bright ,  m s c a r c h  i n s t r u c t o r  
Department of Biophysics 
School of Fledicine 
Research Projects Undertaken: 
a. F a c i l i t a t e d  t r a n s p o r t  of oxygen through hemoglobin 
so lu t ion .  
b, Some d i f f i c u l t i e s  i n  the t h e o r e t i c a l  foundat ions 
of t r a n s p o r t  phenomena. 
The role  of chemical r e a c t i o n s  t o  t h e  mz;croscopic C. 
equat ions  of e lectrophysiology.  
Publ ica t ions :  
Bright ,  P. F . ,  " B r a i n  Itomenturn and Experimental Con- 
Cussiontt, Aerospace-Pledical Research Laboratory 
(AMRL) 8 Memorandum B-GO (1964) . 
Bright ,  P. F,, "Rela t ions  Between Component and System 
Behaviortt,  Submitted t o  Bionics  Symposium (1966) , 
Bright ,  Po F.8 "The Basic Flow Equations O f  El&2trOphySi- 
oloyy i n  t h e  Presence of Che:nical Reactions; P a r t  1. 
Development 02 t h e  Equations" 8 
Bull .  Math, I E i o p h # m  (19GG) , 
t o  be publ ished,  
Bright ,  P. F., "The B a s i c  Flow Equations of Electro- 
physiology i n  t h e  Presence of Chenical Reactions; 
P a r t  X I .  
Vol tage and p H  E f f e c t s  Accompanying t h e  Diffusi.on 
of 0 Through Hemoglobin Solut ion",  t o  be publ ished,  
B u l l .  Math. Bj.ophys. (1966) . 
A P r a c t i c a l  Appl ica t ion  Concerning t h e  
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Meetings Attended: 
Gordon Research Conference on I n t e r a c t i o n  and Transport ,  
June 20-24, 1966, Andover, N, H, 
Sunmer Workshop in Transport Theory, June 27-July 6, 1966, 
S t a t e  Univers i ty  of N e w  York a t  Buffalo, Buffalo,  
New York 
B io log ica l  Systems Symposium, C a s e  In s t i t u t e ,  Cleveland, 
Ohio, October 13-21, 1966. 
Gave Seminar, ” D i f f i c u l t i e s  in t h e  Theore t i ca l  Foundations 
of Transpor t  Phenomena, May 19, 1966 (210 tvinspear) 
Gave Seminar, “ F a c i l i t a t e d  Transport of Oxygen Throcgh 
Hemoglobin Solution1’, December 5, 1966 (223 Sherman) . 
D, A ,  Cadenhead, Assoc ia te  Professor  
Department of Chemistry 
College of A r t s  and Sciences 
Together 1vit.h 
M, C. P h i l l i p s ,  Pos tdoc tora l  Fellow 
Center f o r  Theore t ica l  Biology 
R, Demchak, Graduake Student  
Department of Chemistry 
S tud ie s  of t h e  P r o p e r t i e s  of ~onol .a .yers  of Syn the t i c  
Compounds of Bioloqica-1 S ign i f i cance  
---c 
I_ 
Various monolayers of pure  s y n t h e t i c  materials of 
b i o l o g i c a l  i n t e r e s t ,  including phosphol ipids  and s t e r o l s ,  
have been s tud ied  on a f i l m  ba lance  which allowed continuous 
record ing  of t h e  spreading p res su re  and surface p o t e n t i a l  
w i t h  changes i n  area of t h e  f i l m .  Among t h e  var ious  sub- 
s t a n c e s  have been var ious  glycer ides:  
3 Dipalmit in ,  1, 2 Dbnyris t in;  the  t r i g l y c e r i d e s  t r i p a l m i t i n ,  
t r i o l e i n  also 1,2-Dimyristoyl-3-Cephalin and 1,2-Dimyristoyl- 
3-Lecithin.  The s t e r o l s  ( a c e t a t e  d e r i v a t i v e s )  o e s t r a d i o l  and 
oestratr iol  have a l s o  been s tudied.  
r e p r e s e n t  o r i g i n a l  work on t h e  pure  s y n t h e t i c  substances and 
i n  a l l  cases t h e  phys ica l  state of these monomolecular f i l m s  
t h e  d ig lyce r ides  1, 




have been examined i n  g r e a t e r  d e t a i l  t han  h i t h e r t o  repor ted  
i n  t h e  scientific l i t e r a t u r e .  I n  addi t ion ,  a s tudy was made 
of t h e  condensation which occurs  on mixing c h o l e s t e r o l  i n  
monolayers of substances which g i v e  expanded f i l m s  when 
spread alone a t  t h e  air -water  i n t e r f a c e .  By vary ing  t h e  
na tu re  of t h e s e  amphipathic molecules it w a s  p o s s i b l e  t o  
e f f e c t  changes i n  t h e  condensing a c t i o n  of t h e  c h o l e s t e r o l ,  
The condensat ions a t  var ious  f i l m  p res su res  have been exam-. 
ined i n  t e r m s  of t h e  changes i n  t h e  p a r t i a l  mol- a c u l a r  areas 
of t h e  f i l m  components as t h e  amount of c h o l e s t e r o l  i n  t h e  
mixed f i l m  is  increased,  D i scon t inu i t i e s  i n  t h e s e  p l o t s  have 
been found t o  be due t o  changes i n  phase of t h e  expanded mono-- 
l a y e r  comL3onent and not  t o  forination of su r face  conplexes as 
has previous ly  been suggested. Mcasureanents w e r e  made over 
a range of temperatures  and t h e  excess  f r e e  energ ies ,  en t rop ie s  
and e n t h a l p i e s  of mixing ca l cu la t ed ,  
t h e s e  parameters  has been evaluated.  
The s i g n i f i c a n c e  of 
A t t en t ion  has  also been pa id  t o  the  effects of substrate  
a d d i t i o n s  such as g l y c e r o l  and t o  l o w  temperature  e f f e c t s .  
Evidence suggests  t h a t  t h e  f l u i d i t y  o r  permeation of such 
monolayers is con t ro l l ed  by a v a r i e t y  of parameters  i n  a 
q u a l i t a t i v e l y  p r e d i c t a b l e  fashion - a conclusion which cannot 
-3- 
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publications r e s u l t i n g  f r o m  this work are envisaged in the 
near future. 
James F, D a n i e l l i  - Profes so r ,  Unit  of Theore t i ca l  Biology, 
School of Pharmacy 
Research Projects: 
1) S t r u c t u r e  of l i p i d  membranes 
2) 
3) Theory of cells 
C e l l  c o n t r o l  phenomena i n  Amoeba 
Two r e s u l t s  have been obtained which are of gene ra l  i n t e r e s t .  
1) The a n a l y s i s  of t h e  s t r u c t u r e  of l i p i d  b i l a y e r s  
h a s  been extended, i n  c o n s u l t a t i o n  wi th  F. Fowkes, S. Ohki 
and A. Goldup, 
t h e  assyinetric o rgan i sa t ion  of t h e  hydrocarbon (CH2) cha ins  
of  l i p i d s  i s  p r i m a r i l y  respons ib le  
The p r i n c i p a l  p o i n t  which has  emerged is  t h a t  
f o r  the p r o p e r t i e s  of 
l i p i d  membranes, S i n c e  t h e  p o l a r i s a b i l i t y  of t h e  cha ins  is  
n o t  symmetrical, and t h e  cha ins  are o r i e n t e d ,  t h e  d i s p e r s i o n  
f o r c e s  between a monolayer of o r i e n t e d  cha ins  (CH20) and a 
l i q u i d  composed of randomly o r i e n t e d  cha ins  (CH2 r ) are s ig-  
n i f i c a n t l y  high,  g iv ing  r i s e  t o  a s u r f a c e  f r e e  energy of 
about  10 ergs/cm2 a t  t h e  i n t e r f a c e  CH20/CI-IZ r . 
membrane is  thinned t o  a b i l a y e r ,  t h e r e  i s  a sharp  diminution 
Thus i f  a t h i c k  
of free energy a t  t h e  b i l a y e r  th ickness  due t o  disappearance 
of  t h e  i n t e r f a c e  CH20/CHZ r . 
below t h e  b i l a y e r  th ickness ,  s i n c e  t h e  d e n s i t y  of  t h e  l i p i d  
A l s o ,  i f  t h e  membrane is  thinned 
must remain approximately cons t an t ,  new i n t e r f a c e  which i s  
CH2/H20 must be formed i n  propor t ion  t o  t h e  dev ia t ion  from 
bimolecular  th ickness .  This new i n t e r f a c e  has a h igh  s u r f a c e  
free energy, m50 ergs/cm 2 . Hence t h e  sharp  drop i n  free 
energy a t  bimolecular  thickness  i s  followed by an even more 
precipi ta te  rise as t h e  th ickness  i s  f u r t h e r  diminished. 
Hence t h e r e  is  a remarkably sharp  minimm i n  f r e e  energy a t  
t h e  bilayer th ickness .  
Thus l i p i d  b i l a y e r s  are a n a t u r a l  u n i t  of s t r u c t u r e  
i n  t h e  same sense  as t h e  d h e l i x  of p r o t e i n s  and t h e  double 
h e l i x  of DNA are n a t u r a l  u n i t s .  And we see c l e a r l y  why the 
l i p i d  layer of ce l l  membranes, t h e  myelin f i g u r e s  formed by 
p u r e  l i p i d s  d i spe r sed  i n  water,  and t h e  a r t i f i c i a l  b i l a y e r s  
d i scovered  by Rudin & M u e l l e r ,  are bimolecular i n  th ickness .  
Many of  t h e  properties of s u c h  membranes can now be simply 
explained.  Furthermore, t he  an iso t ropy  of t h e  cha ins  r i m s t  be 
cons idered  i n  many s t u d i e s  e.g. t h e  op t i ca l  b i r e f r ingence  i s  
a consequence of t h e  assymetry of p o l a r i s a b i l i t y ,  and i n  
c a l c u l a t i n g  membrane thicknesscsfrom o p t i c a l  s t u d i e s  o r  froin 
capac i t ance  measurements, t he  use  o f  t he  bulk va lues  (i.e. 
v a l u e s  for  CH2') f o r  r e f r a c t i v e  index and d i e l e c t r i c  cons t an t  
i s  i n c o r r e c t .  Thus a l l  b i l a y e r  th ickness  va lues  pcbl i shed  t o  
d a t e  based on these measurements are probably i n  error by a 
f a c t o r  of 20-50"/,. 
i 
i .  
2) S tudies  have been made of  a number of chsrackcrs 
These organisms of Amoeba p r o t e u s  over  a perj-od of 1 7  years .  
d i v i d e  every 2-3 days. They undergo no form of mating or  
me io t i c  p rocess ,  so t h a t  t h e  on ly  g e n e t i c  changes i n  c lones  
occur  by mutation, a c c i d e n t a l  l o s s  of genes,  o r  i n f e c t i o n ,  
They are h igh ly  polyplo id ,  so t h a t  they  should show marked 
g e n e t i c  s t a b i l i t y ,  Nevertheless ,  over  t h e  pe r iod  of obser- 
v a t i o n  (about 2500 genera t ions)  t h e r e  has  been marked pheno- 
t y p i c  d r i f t .  E.g. t h e  shap:e of an amoeba when moving may be 
"stable" over  a few months o r  even yea r s ,  bu t  over the pe r iod  
i n  ques t ion  t h e  cumulative d r i f t  r e s u l t s i n  a t o t a l l y  new shape. 
S i m i l a r l y ,  a cytoplasm which can accept  n u c l e i  from another  
c l o n e  r e a d i l y  a t  one pe r iod  may become completely i i lconpat ible  
w i t h  t h e  n u c l e i  of t h e  second clone.  These r e s u l t s  seem 
l i k e l y  t o  be of major va lue  i n  eva luz t ing  t h e  evo lu t ion  of 
micro-organisms, t h e  development of symbi0si.s and i n  under- 
s t-and ing  pathogenic  i t y  . 
' .  
P u b l i c a t i o n s :  
L i f e  S c i e n c e s  4, 705-711 (1965) - The estrogenic ac t iv i t i e s  of 
16a, 17a- and 16Q, 17+epoxy-1,3,5 ( l O ) - e s t r a t r i e n e - 3 - 0 1 ,  
M. May, B. Johnson ,  J .F.  D a n i e l - l i  and S .  G i l a n i .  
Claude Bernard Symposium ( P a r i s ;  June  28 - J u l y  3 ,  1965) pub- 
l i shed  as proceedings of t h i s  symposium; "The Problem of 
Receptors i n  Re la t ion  t o  Regu la t ion  of t h e  M i l i e u  I n t e r i e u r ' l  
J .F.  D a n i e l l i .  
A r c h . I t a l . d i  P a t o l .  e C l i n . d e i  Tumori, V o l . V I I 1 ,  Fasc.3-4(1965)  
"The S e l e c t i v e  Ant i tumor  Ac t ion  of Some A l k y l a t i n g  Sul fon-  
amides". P.J.  Ra rna rd ,  J .F.  D a n i e l l i ,  R. H a w k i n s ,  P.Hebborn, 
A. Muggleton, De Wiggle  and M. T r i g g l e .  
J .Theore t .Bio1 .  11, 465-477 (1966) ;  Electrostatics of b~ernbra~e 
Systems-I  . : 
brane Systems".  R. F r i e d e n b e r g ,  A.  B l a t t ,  V. G a l l u c c i ,  
J.F. D a n i e l l i  and I. Shames. 
"A Non-statistical Approach t o  Cellular Mem- 
I n  press. " P e r m e a b i l i t y  Phenomena i n  R e l a t i o n  t o  Drug A c t i o n ;  
1965. J.F. D a n i e l l i .  
J . T h e o r e t . B i o l .  l2, 439-441 (1966) "On t h e  Th ickness  of Lip id .  
Membranes" J .F.  D a n i e l l i .  
Meetinqs attend.ed. : 
1965 
__I 
June 24-25 - Gave l e c t u r e  on "The C e l l  a s  a Molecular 
Machine" a t  t h e  Univers i ty  of Milan, Dept.of 
Pharmacology. 
June 28 - Represented the  S t a t e  Univ,of New York a t  Buffalo 
J u l y  3 & t h e  Roya l ' soc i e ty  i n  a t tendance  a t  t h e  symposium 
at College de France t o  celebrate t h e  10 th  Anniver- 
s a r y  of t h e  pub l i ca t ion  of Claude Bernard 's  book 
on experimental  medicine. Gave t a l k  on "The 
Probl.ein of Receptors i n  Re la t ion  t o  Regulation 
of t h e  M i l i e u  Xnter ieur"  
O c t ,  27 - Gave a ta lk  e n t i t l e d  "Theore t ica l  S tudies  of 
Bimolecular Lipid Leaflets" a t  t h e  Dept.of Phy- 
s io logy ,  Univers i ty  of Michigan, Ann Arlmr, 
N0v.22-23 - Attended Conference on Communications fo r  Biology 
a t  Cherry H i l l ,  New Jersey .  
Nov.26-27 - Attended "The Future  of Biology" Symposium spon- 
sored  by t h e  S t a t e  Univers i ty  of N.Y. E: Rockefe l le r  
Univ, ( a t  Rockefel ler  Univ,) . Gave t a l k  "What 
Spec ia l  Units Should be Developed f o r  Dealing 
With t h e  L i f e  Sciences and What S p e c i a l i z a t i o n s  of 
Program A r e  Nost Like ly  t o  be Needed i n  t h e  Future?t t  
D e c .  2-4 - Attended Medicinal Chemistry Symposium a t  t h e  
Univ.of Tennessee .  Gave a paper e n t i t l e d  'IProgrms 
in C e l l  Biology Nhich W i l l  F a c i l i t a t e  Drug DesiSrn" 
1966 
Feb.22-24 - Attended and served a s  Chairinan of Membrane S t r u c -  
t u r e  Session a t  the 1 0 t h  Annual Meeting of Bio- 
phys i ca l  Society a t  S t a t l e r - H i l t o n  Hotel  i n  Boston, 
Mass. 
Mar. 22 - 
May 5-7 - 
June 8 - 
J u l y  1.7 - 
Aug. 18 
Sept.  9 - 
Sept.11-15 - 
Sept.20-23 - 
O c t .  25 - 
Oct.29-30 - 
V i s i t e d  London, England, t o  a t t e n d  Synposium on 
"Menibrane Transport"  a t  the Royal Soc ie ty  of 
Medicine. 
Attended opening of Henry Moses Research I n s t i t u t e  
a t  Montefiore Hosp. a Medical C e n t e r ,  N e w  York 
City .  Gave paper  on "Recent S tud ie s  on t h e  
Phys ica l  State of  C e l l  Plasina Membranes". 
Attended t h e  Canadian Federat ion of B io log ica l  
Societies i n  Vancouver, B.C. Gave talk on 
"Physics and Phys ica l  chemistry of Lipid B i l aye r s "  
Directed Sumner Colloquium e n t i t l e d  "Theore t ica l  
Biology of t h e  C e l l "  sponsored by t h e  Nat iona l  
Aeronautics 6. Space Adminis t ra t ion under t h e  
auspices  of t h e  Anerican I n s t i t u t e  of B io log ica l  
Sciences.  
Chaired se s s ion  a t  I n t e r n a t i o n a l  Symnposiij;n on 
Atherosc le ros is  and Re t i cu loendo the l i a l  System 
i n  corno, I t a l y .  
Chairman of Symposium of I n t e r n a t i o n a l  Soc ie ty  
f o r  C e l l  Biology he ld  i n  Cambridge, Encjland on 
"Formation and Fate of C e l l  Organel les" .  Also 
gave paper  on "Theory of Formation of Pauci- 
molecular Mcnbranes . 
Attended I n t e r n a t i o n a l  Symposium on I m u f i i t y ,  
Cancer ,  and Chemotherapy i n  Buffalo.  
V i s i t e d  Chemical I n s t i t u t e  of Canada (Toronto 
Sec t ion ) .  Gave a n  address  " C e l l  Biology and 
Chemotherapy" . 
Attended meeting of Coinmission on Undergraduate 
Education i n  t h e  Bio logica l  Sciences (CUEBS) i n  
Washington, D.C. 
* 
Mary Danie l l i ,  Izecsearch Assoc ia te  
Center for  Theore t i ca l  Biology 
Attended Colloquium of Malagasy s tuden t s  a t  Broads t a i r s ,  
England, summer 1965, auspices  F r i ends '  Se rv ice  Council, 
General  c u l t u r a l  d i scuss ion .  
I n  1946 I did an thropologica l  f i e l d  work i n  I4adagascar 
as I-Iorniman Student  of t h e  Royal Anthropological I n s t i t u t e ,  
London and a s tuden t  of Prof. J. H, I-Iutton, D. Sc., C. So I, 
a t  Cambridge Univers i ty ,  England, I collected information 
concerning t h e  mechanisms whereby p r i m i t i v e  man expresses 
and c o d i f i e s  awareness of h i s  r e l a t i o n s h i p  t o  h i s  environ- 
ment, A h a l f  dozen papers, groundwork for iny main t h e s i s ,  
were publ ished,  A f t e r  b r ing ing  up my f a ~ n i l y ,  coir~rfienced i n  
1947, I began to r e t u r n  t o  t h i s  t h e s i s  i n  surmer 1965, 
I n  resuming work f u r t h e r  in fomia t ion  w a s  seen t o  be 
needed and pe r sona l  con tac t  had to be es t ab l i shed  with sources  
i n  hladagascar, 
s t i l l  have k i n s f o l k  i n  r u r a l  d i s t r i c t s  and are i n  sympathetic 
r e l a t i o n s h i p  wi th  them. 
dor i n  London and h i s  w i f e ,  of t h e  Anglo-Malagasy Soc ie ty  
( l a r g e l y  a trade s o c i e t y ) ,  of t h e  Soc ie ty  of F r i e n d s  (who 
have  a missionary concern i n  Madagascar and have ,always been 
I have to work through educated Nalagasy who 
V?ith t h e  help of t h e  ivlalagasy Ambassa-  
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e s p e c i a l l y  f r i e n d l y  and cooperat ive towards my work) and also 
of t h e  London Missionary Society (who have an Oxford scho la r  
i n  t h e  mission f ie ld  t h e r e ) ,  and through p ick ing  up f r i e n d s  
made over t h e  yea r s  i n  London. among Malagasy s tuden t s  i n  
England and France, I have s u c c e d e d  over t h e  p a s t  two years 
i n  e s t a b l i s h i n g  con tac t  with the sources  of information.  
The Fr iends '  Serv ice  Council  now runs  an annual 
Colloquium f o r  Malagasy s%udents,  lawyers, doctors ,  t eachers ,  
p a s t o r s ,  etc., and i n  1365 1 was cable t o  a t t end  f o r  a s h o r t  
time a t  one of t h e s e  on my visit t o  England on o t h e r  business .  
Th i s  v i s i t  in t roduced me t o  two persons who have g iven  rae 
q u i t e  except iona l  help: one by persunding a. f r i e n d  t o  do 
r e sea rch  i n  Madagascar among h i s  r e l a t i v e s  and f r i e n d s  (no t  
v i t i a t e d  by contamination with wes te rn  scholarsh ip)  8 which 
are cowwnicated d i r e c t l y  t o  me, as w e l l  as running sone 
independent i n q u i r i e s  of h i s  own on which he r epor t s .  
Through t h e s e  con tac t s  two ques t ionnai res  on lh l agasy  
customs have been construct.cd, t r a n s l a t e d  i n t o  French and 
Malagasy, and d i s t r ibu ted  i n  Madagascar, France, and England. 
S o m e  answers have a l ready  been received.  
(on t h e  bone turn ing  ceremon.ial of Imerina, Madagascar) has  
been d ispa tched  t o  t h e  Acadamie mlgache  i n  Tananarive. A 
A paper "Famadihana" 
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proposal r e l a t i v e  to t h e  foundation of a .Folk Archives i n  
Madagascar has  also been s e n t  t o  various bodies  and i n d i v i d u a l s  
and to t h e  Academie Malgache i n  Tananarive. 
/ 
M. Derichin,  Department of Biochemistry 
School of Pharmacy 
A conputer program for t h e  process ing  of sedimentat ion 
equi l ibr ium d a t a  obta ined  by the method of Van-Ijolde and Baldwin 
has been devised. 
Th i s  program y i e l d s  t h e  molecular weight, the d i f f u s i o n  
c o e f f i c i e n t  and t h e  sedimentat ion v e l o c i t y  of any pure  rnacrc- 
molecule i n  s o l u t i o n ,  f o r  molecular weights from cbout 300 t o  
ove r  1 mi l l ion .  
Th i s  program carries o u t  c a l c u l a t i o n s  by l e a s t  square 
f i t t i n g  whenever s l o p e s  of s e t s  of d a t a  are r equ i r ed  but no 
s t anda rd  d e v i a t i o n s  are obtained as yet since. a l l  t h e  a v a i l a b l e  
core for the Watfor compiler has been used. 
t h e  present program for  t h e  c a l c u l a t i o n  of s tandard  d e v i a t i o n s  
i n  a d d i t i o n  t o  a l l  o t h e r s  mentioned above is p r e s e n t l y  i n  
p r o g r e s s  for use w i t h  t h e  Ibsys compiler, 
An expansion of 
A f t e r  t h i s  expansion is  completed t h e  program would 
be s u i t a b l e  for pcb l i ca t ion .  
A, Goldup, Research Associa te  
Center fo r  Theore t i ca l  Biology 
A r e sea rch  programme on l i p i d  b i l a y e r s  i s  c u r r e n t l y  
I n i t i a l l y  it is  proposed t o  i n  t h e  course of prepara t ion .  
measure t h e  electrical  and t r a n s p o r t  p r o p e r t i e s  of phospho- 
l i p i d  b i l a y e r s  (egg l e c i t h i n )  b u t  l a te r  t h e  scope w i l l  be 
extended t o  cover muilbrancs of simpler chemical coinposition 
as w e l l  as e x c i t a b l a  rne3ibr:nrres s i m i l a r  t o  t h o s e  c u r r e n t l y  
under i n v e s t i g a t i o n  by meller and xudim, 
made t o  develop satisfactory t h e o r i e s  accounting f o r  t h e  
formation, s t ab i l i t y  and transport properties of l i v e  
rticnbranes. 
t o  o b t a i n  a cLearer understanding of the underlying phys ica l  
chemistry of b i l a y e r s  t h u s  providing a better Founchtion 
f r o m  which t o  approach problems r e l a t i n g  t o  natural membranes, 
Attempts w i l l  be 
The prime o b j e c t i v e  of these s t u d i e s  will be 
R. J. Good, Professor 
D ep q r t m e  n t  of Chem i (2 a I E ny i n  e er i ng 




3 .  
Collaborated i n  an  explana t ion  of a cu r ious  e f f e c t  
i n  which an o i l  d r o p l e t  p e n e t r a t e s  an echimderm 
egg. The " l i n e  tens ion"  a t  a t r i p l e  i n t e r f a c e  was 
h e l d  t o  be responsible .  
Extended t h e  thec ry  of wet t ing  of low-energy sur- 
I_ 
f a c e s  t o  inc lude  a rigorous t rea tment  of adsorbed 
f i l m s  . 
Collaborated ir, measurements of 1 iqu id--1 i q u  i d  
i n t e r f a c i a l  t ens ion ,  which shossr t h a t  the H a r k i i i s  
drop-weight method- f o r  i n t e r f a c i a l  t e n s i o n  may 
be i n  error by 3%. 
P u b l i c a t i o n s  s i n c e  J i n e ,  1965: 
1. "Line Tension and t h e  Pene t r a t ion  of a C e l l  Imrhrane 
by O i l  Drop.8i With No L. Gershfeld. Jou rna l  of 
Theoretical Biology, October, 1966. 
2. "Est imat ion or' Surface Enzrgies from Contact Angles". 
Nature, 212, October 15  (1966). -
3.  "In termolecular  Forces, '' in " T r e a t i s e  on Adhesion, " 
R. L. Pa t r i ck ,  ed., Idarcel Dekker Co., 17. Y.8 
December, 1966 . 
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Mecthgs :  
1. Sumxr  Colloquiwii on Theoretical Biology, F t 0  
Collins, Colorado, Juiy-August, 1966, 
2. Symposium on “Wetting, B r i s t o l  university, Bristol, 
England, S~ptemher, 1966 , 
K, W. Jeori, Research Assoc ia te  
Unit  fGr Theore t i ca l  Biology 
School of Pharmacy 
with 
J, Moran, A s s i s t a n t  Professor 
Department of Eic7:haAstry 
School of Medicine 
I, J, Lorch, Research Associate 
Unit  fo r  Theore t i ca l  Biology 
H, Allen, Graduate Student  
Department of Biology 
I .  
S t u d i e s  on the  Phys ica l  B a s i s  of Cytoplasmic Inher i tance ,  
and on C e l l u l a r  Regulat ion 
---- 
a, I n v e s t i g a t i o n  of Immunological response of amoeba 
c lones  der ived  from s i n g l e  ce l l s  i n j e c t e d  wi th  cyto- 
plasmic homogenates of another  s t r a i n .  It has  been 
found t h a t  40"/, of such s t r a i n s  show changes i n  t h e i r  
immunological responses, t h e  changes being uns tab le ,  
I n v e s t i g a t i o n  of cy toplasmica l ly  t r ansmi t t ed  d i f f e r -  
ences  between s t r a i n s  of amoebae. The c h a r a c t e r s  
s t u d i e d  include: s t reptomycin s e n s i t i v i t y ,  ac t ino-  
mycin s e n s i t i v i t y ,  growth rates a t  d i f  ferenk temper- 
a t u r e s ,  responses t o  calcium i o n  dep r iva t ion ,  r a t e  
of attachment,  r e a c t i o n  t o  s t a r v a t i o n ,  and s p e c i f i c  
bacterial i n f  ec'iion, 
b, 
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c, I n v e s t i g a t i o n  on t h e  c e l l u l a r  basis of spanning i n  
amoeba. It has  been found t h a t  spanned amoebae 
possess s t r u c t u r a l  d i f f e r e n c e s  from normal amoebae, 
d .e tec tab le  under t h e  l i g h t  microscope. 
A. Mugglcton and J, F.  D a n i e l l i  read  a paper e n t i t l e d  
"Nuclear and cytoplasmic c o n t r o l  of a l t e r n a t i v e  states i n  
Amoeba, w i th  r e fe rence  t o  l i f e  span" a t  t h e  21st Annual Meet- 
i n g  of t h e  Soc ie ty  of General Phys io log i s t s ,  i n  September 
1966. 




"A modified o i l  chamber fo r  micrurgy on large cells*; 
by X. W, Jeon, i n  press i n  Exp; C e l l  R e s ,  (1966). 
"Cytoplasmic i n h e r i t a n c e  i n -  Amoebae: Modif icat ion 
of immunological response by micro- in jec t ion  of 
heterologous cytoplasmic homogenates" by K. W. Jeon, 
I, J. ~ o r c h ,  J, F, 14oran, A, Muggl.eton, and J. F.  
DanieLli, submitted f o r  p u b l i c a t i o n  i n  Exp, Cell 
Res. i n  November. I 
" I n h e r i t a n c e  of t h e  ' Lif e-spanning * Phenomenon i n  
- Amoeba _ _ _ ~ . - - -  Proteus" by Audrey Nuggleton and J, F. D a n i e l l i ,  
submitted for publ ica t ion .  
I 
H, F.  King, A s s i s t a n t  P ro fes so r  
Deparkment of Chemistry 
College of A r t s  and Sciences 
I 
I .  
In t e rmolecu la r  Forces Between Water and Hydrocarbons -- 
T h i s  w o r k  w a s  done under t h e  auspices  of P ro fes so r  
J, F, D a n k l l i  i n  c o n s u l t a t i o n  wi th  D r ,  S. Ohki. 
i n t e r e s t  i n  t h e  problem centers on i t s  a p p l i c a t i o n s  t o  
theories of hydrophobic bond-ing, The problem h a s  been 
approached h e r e  as a genera l  problem i n  t h e  theo ry  of i n t e r -  
m o l e c u l a r  forces. 
c o n s i s t e d  o f f i c i a l l y  of 2 1/2 months dur ing  t h e  summer of 
1966, wcrk along t h e s e  l i n e s  i s  be ing  continued by D r .  Xing, 
B io log ica l  
Although t h e  pe r iod  of f i n a n c i a l  support  
The i n t e r a c t i o n  of a s i n g l e  methane molecule wi th  a 
s i n g l e  w a t e r  molecule was considered. 
a c c u r a t e  quantum mechanical wave func t ions  f o r  t h e  i n d i v i d u a l  
molecules  were computed using t h e  Kar t ree  Fock method. These 
are  remarkable i n  t h a t  they are t h e  most accu ra t e  wave func- 
t i o n s  a v a i l a b l e  today for  t h e s e  molecules according t o  t h e  
energy c r i t e r i o n ,  
second step, 
c u l a r  i n t e r a c t i o n  by a Hartree Fock c a l c u l a t i o n  f o r  t h e  e n t i r e  
20-e lec t ron  s y s t e n  followed by a n  a n a l y s i s  of t h e  e l e c t r o n  
c o r r e l a t i o n  energy. Sone progress  has  been made here ,  b u t  
it has been set aside for t h e  f u t u r e ,  
As a f irst  step, 
TWO a l t e r n a t i v e s  w e r e  considered f o r  t h e  
The f i r s t  a l t e r n a t i v e  i s  t o  compute the  mole- 
The second a l t e r n a t i v e  
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c o n s i s t s  of a more convent ional  a n a l y s i s  i n  terms of e l e c t r o -  
s t a t i c  mult ipole ,  van d e r  IVaals, and r epu l s ive  i n t e r a c t i o n s .  
Mult ipole  moments have been computed f o r  methane us ing  the  
computed wave fui ic t ion and a computer program has been w r i t t e n  
to compute mul t ipo le  i n t e r a c t i o n s  fo r  va r ious  conformations. 
Th i s  work i s  continuing. This  work is r epor t ed  i n  p a r t  
i n  a paper  submitted t o  the Journa l  of Chemical Physics.  
K. Nicholas Leibovic, Associate Professor  
Department of  Biophysics, School of Medicine 








E f f e c t  on t h e  i n t e g r a t e d  response of t h e  e x t e n t  
of c e n t e r  and surrounding mechanisms i n  t h e  re- 
c e p t i v e  f i e l d :  computer s imula t ion  s tud ie s .  
C r i t i c a l  review of the  anatomy and physiology of 
t h e  l a t e ra l  gen icu la t e  body i n  r e l a t i o n  t o  inform- 
a t i o n  processing. 
A model of s ize  d i sc r imina t ion  i n  v is ion .  
computer s imulz t ion  of a 3-component r e c e p t i v e  f i e l d  
model , 
Visua l  masking and i n t e r f e r e n c e  phenomena i n  t h e  
v i s u a l  pathway. 
The quan t i za t ion  of v i s u a l  information 
A model of information i n p u t  2nd t ransmiss ion  i n  
t h e  eye, 
P u b l i c a t i o n s  : 
1. ''A N o t e  on Visual  I n t e g r a t i v e  Mechanisms", B u l l e t i n  
of i tathematical  Biophysics, Special Issue, 27,  1965 . -
2. "A Model for Information Processing wi th  Reference 
t o  Vision",  J. Thsor. Bid., 11, 1366. - -
3 . "Observations o n  some Experiments on Visua l  kIasing", 
t o  be publ ished i n  - J, Gen. Psych. 
Papers  g iven  and Meetings Attended: 
I . 
1, "Information Input  & Transmission i n  t h e  T7isu.d 
Pathway" 0 Biophysical Society,  10th Annual 
Meeting, February,  1966 
2, *Lltiodels of Visual  Function** , C.T.B. Seminar, March 
1966. 
3 "hIathematica1 14odels i n  Biophysics" , Easic Sciences 
Seminar, March, 1966, 
4. ''The Quan t i za t ion  of Visua l  Information", 2nd 
I n t e r n a t i o n a l  Biophysics Congress, Vienna, 
September, 1966, 
5. "Analysis  of a 3-Component Visua l  Receptive Field 
M o d e l " ,  w i th  R, A ,  Spanyler,  2i1d I n t e r n a t i o n a l  
Biophysics Congress, Vienna, Septe-nber, 1966 , 
6 .  Gordon Research Conferencz on Biomathematics, 
July 10-23, 1965, Andover, N. H. 
7, Biophys ica l  SOC. Annual Meeting, February 23-25, 
1966, Boston, Mass, 
8 , Gordon Research Conference on Biomathematics, 
J u l y  11-15, 1966, Andover, N. €1. 
9. 2nd I n t e r n a t i o n a l  Biophysics Congress, September 
5-9, 1966, Vienna, Aus t r i a  
10, V i s i t s  t o  (a) Prof,  Reichard's Laboratory, Max 
Planck ~ n s t . ,  T b i n g e n ,  (b) P r o f .  Bauman a t  
Saes t end i jk ,  Holland: (c) Prof , Schanten' s 
I n s t .  f o r  Percept ion  Research, Eindhoven, 
Holland: (d) P r o f  , Campbell, Phys io log ica l  
Laboratory, Cambridge (e) D r .  Mackay' s Labor- 
atory a t  K e e l e ,  S t a f f o r d s h i r e ,  England, during 
Sept ,  12-23, 1966. 
11, B i o l o g i c a l  Systems Symposium, Case I n s t i t u t e ,  
Cleveland, Ohio, October 19-21, 1966. 
I), A. I.lacGillivray, Ass is tank  P ro fes so r  
Department of Mathematics 
College of A r t s  & Sciences 
A, N o  p rev icus ly  described projects have been s u b s t a n t i a l l y  
altered, 
1. V?ork is  continuing on the t h e o r e t i c a l  s tudy  of DNA 
dena t l aa t ion ,  using t h e  f u l l  nonl inear  Poisson- 9- 
Bo]-tzmann equation. 
Inves t iga to r s :  Prof ,  A, I, McMullen, Mr, J. S w i f t ,  
A ,  D. MacGillivray 
2, Work i s  continuing- on t h e  i n v e s t i g a t i o n  of asymptotic 
s o l u t i o n s  of t h e  Poisson-Boltzna.nn equat ion,  
Inves t iga to r s :  M r .  J. J, Winkleman, A. D. MacGillivray 
B. P r o j e c t s  ti'hich have begun i n  t h e  past few months are 
1. 
2, 
Study of t h e  dependence of a c t i v i t y  c o e f f i c i e n t s  on 
i o n i c  s t r e n g t h ,  Th i s  i s  of importance for  t h e  
d e s a l i n a t i o n  problem, 
Inves t iga to r s :  M r .  J, S w i f t ,  A. D, MacGillivray 
T h e o r e t i c a l  study of t h e  a c t i o n  of Lysozyme has  
j u s t  begun, This  i s  a problem of very g r e a t  
i n t e r e s t ,  and we hope t h e  e x p e r t i s e  developed i n  
ou r  s tudy of t h e  DNA problem w i l l  enable  u s  t o  
make some b a s i c  con t r ibu t ions .  
Inves t iga to r s :  Prof.  A ,  I. Mcl!ullen, A. D. MacGillivray 
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P u b l i c a t i o n s  s i n c e  June, 1965 , . 
1, MacGillivray, A, Do, and Winkleman, J, J, "On an 
Asymptotic So lu t ion  of t h e  Poisson-Boltzmann 
Equation - t h e  Moderately Charged Cylinder.  *I 
J, Chem, Phys., 45, 1966. 
2 ,  MacGillivray, A, D, ,  and Mc>lullen, A, I, "A T h e o r e t i c a l  
Study of t h e  Role of S a l t  concen t r a t ion  i n  t h e  
Melting of DNA," J, Theoret,  B i o l , ,  1 2 ,  1966, -
3 ,  MacGillivray, A. D,, and ~cP:u1len, A, I,, ''On t h e  
In f luence  of I o n i c  S t rength  on t h e  Melting 
Temperature of DNA", J. Theoret,  Biol., g, 1966, 
4, MacGillivray, A. Do, "A V a r i a t i o n a l  P r i n c i p l e  for  
P o l y e l e c t r o l y t e  Theory, w i th  an I l l u s t r a t i v e  
Application",  P r e p r i n t  +9, T.B.C., SUNY/B, 1966, 
5. MacGillivrey, A, D,, and ;dcMullen, A. E., "A 
V a r i a t i o n a l  Zpproach t o  t h e  Dynamics of the 
Helix-Coil T rans i t i on" ,  Preprint #U8 T,R.C. 
SUNY/B, 1956. 
L i s t  of Meetings Attended: 
1, Symposium on Phys ica l  Cheinistry of DNA, 40th 
Nat ional  c o l l o i d  Symposium, Un ive r s i ty  of Wiscor_sin, 
June, 1966. 
2 ,  Second I n t e r n a t i o n a l  Biophysics Congress, Vienna, 
Austria, Sept. 1966 , 
A .  I. ElcEIuklen, P ro fes so r  
Unit  for Theore t i ca l  Biology 
School of Pharmacy 
G, Russel l ,  Graduate Student  
J. Harlos, Graduate S tudent  
Research P ro jec t s :  
1, There has  been same concen t r a t ion  on t h e  RNA codon- 
ant icodon i n t e r a c t i o n  and on DNA membrane i n t e r -  
a c t i o n  from a semi-quant i ta t ive  aspect .  
During d i scuss ions  with D r ,  F,€I.C, Crick. i n  t h e  14ole- 
c u l a r  Biology Summer School, Spe tsa i ,  t h i s  year ,  and i n  a 
subsequent communication, t h e  ques t ion  of t h e  p a s s i b i l i t y  of 
c a l c u l a t i n g  i n t e r a c t i o n  ene rg ie s  of t h e  cod-on-anticodon i n t e r -  
a c t i o n  was r a i sed .  I n  p a r t i c u l a r ,  t h e  "wobbLe" hypothes is  of 
Cr ick  poin ted  somc i n t e r e s t i n g  v a r i a t i o n s  on t h i s  i n t e r a c t i o n .  
It was suggested t o  D r .  Rein t h a t  Q-14 c a l c u l a t i o n s  on t h e  
s t ack ing  i n t e r a c t i o n s  of t h e  codon-anticodon mechanisms on 
the l i n e s  of Nash and Bradley (biopolymers, 3 ,  261, 1965) b u t  - 
w i t h  t h e  s o p h i s t i c a t i o n  of t h e  lLvrTobblet' geometry included, 
might .be f r u i t f u l .  Simultaneously, t h e  w r i t e r  i n s t i t u t e d  a 
model bu i ld ing  program t o  a t t e q t  t o  d e f i n e  t h i s  geometry 
m o r e  exac t ly ,  
t h i s  out ,  a l though possibly s u f f i c i e n t  data on t h e  t r a n s f e r  
According t o  D r .  Cr ick ,  no one has y e t  c a r r i e d  
-2- 
WTA loop i s  a v a i l a b l e  t o  enable  p a r t  of t h e  model t o  be bui1.t. 
It would seem f r o m  D r .  C r i c k ’ s  work and from pre l iminary  nodels  
t h a t  t h e  e l e c t r o s t a t i c  free energy d i f f e r e n c e  of “wobbling” 
i n t e r a c t i o n s  might w e l l  be s i g n i f  ;cant. 
2, An o r i g i n a l  procedure, based on t h e  v a r i a t i o n a l  
C ~ ~ C U ~ U S ,  has  been developed wi th  D r .  P/IacGillivray, 
fo r  t h e  t rea tment  of electrostatic energy ca l cu l -  
a t i o n s ,  inc luding  nonl inear  (Poisson-Boltzrnan) 
ion d i s t r i b u t i o n s .  D r  . MacGillivray ’ s observa t ion  
( i n  press, J. Chern, P’nyS., 1966) t h a t  the Poisson- 
Boltzmann equat ion can be der ived  from a v a r i a t i o n a l  
p r i n c i p l e ,  h a s  enabled the a p p l i c a t i o n  of t h i s  
p r i n c i p l e  t o  t h e  case  of the h e l i x - c o i l  t r a n s i t i o n ,  
The  r e s u l t  h a s  been a very good c o r r e l a t i o n  of the 
c a l c u l a t e d  T, in var ious  s a l t  concen t r a t ions  wi th  
t he  experimental  d a t a  (PIacGillivray and McMullen, 
1966) . 
T h i s  a p p l i c a t i o n  i s  awai t ing  t h e  a r r i v a l  of x-ray co- 
o r d i n a t e  data (from D r .  D. C. P h i l l i p  of Oxford Univers i ty)  
on lysozyme, i n  o rde r  t o  at tempt  t o  d e r i v e  t h e  e l e c t r o s t a t i c  
f ree  energy charges,  d u r i n g  t h e  lysozyme + NAG i n t e r a c t i o n .  
Dr. Perutz ,  (Universi ty  of Canibridge), i s  w i l l i n g  t o  
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supply similar coord ina te  d a t a  on ho r se  OXyhaemOglObin, w h e n  
t h i s  i s  a v a i l a b l e ,  b u t  f e e l s  t h a t ,  a t  p re sen t ,  such d a t a  are 
i n s u f f i c i e n t l y  accu ra t e  for  t h e  pu.rpose. 
3 .  Some pre l iminary  approach t o  t h e  problem of t h e  
s t a b i l i t y  of t h e  "electrostatic micelle'& h a s  been 
made wi th  a view t o  understanding aspects of soap 
and l i p i d  aggregates  and c o n f i g u r a t i o n a l  t r a n s i t i o n  
i n  s o l u t i o n s  . 
I n  p re l imina ry  a t t e n p t s  t o  d e v i s e  models for  soap, 
phosphol ipid and o t h e r  m i c e l l a r  aggregates,  inc luding  t h a t  
of t h e  membrane, a computer p r o g r m  t o  determine t h e  r e l a t i o n -  
s h i p  between area and volume of ell ipsoids conta in ing  d i f f e r -  
e n t  numbers of molecules of def ined  s i z e s ,  w a s  devised. By 
cons ider ing  t h e  n e t  charge on t h e  polar head groups and 
assuming a va lue  fo r  binding forces o t h e r  t h a n  pu re ly  elec- 
t rostat ic ,  it w a s  hoped t o  determine which conf igu ra t ion  
would be t h e  most favorable  e l e c t r o s t a t i c a l l y  i n  va r ious  i o n i c  
concent ra t ions .  TO f i n d  t h e  electrostatic p o t e n t i a l  j 8 8  it 
i s  necessary t o  f i n d  a gene ra l  s o l u t i o n  t o  t h e  equation. 
T h i s  has not  y e t  been achieved. 
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Publ ica t ions :  
I -  
i 
~ 
1. "Quantum 1.lechanical I n t e r f a c i a l  ' t r i g g e r '  Action i n  Macro- 
molecular Repl icat ion" * A. I. McMullen. T h e o r e t i c a l  
Biology Center (TBC) P r e p r i n t  N o ,  1. J. Chem. Phys. (1965), 
- 43, p. S230. Th i s  desc r ibes  a model of DNA r e p l i c a t i o n  
involving i n t e r a c t i o n  with a membrane. 
2. "A Theore t i ca l  Study of t h e  R o l e  of S a l t  Concentrat ion 
i n  t h e  blelting of DNA". Coauthor A. D, IdacGillivray. 
TBC P r e p r i n t  No.  2. Journa l  of Theore t i ca l  Siology, 1 2  
75 (1966) . This  work r ep resen t s  a cons iderable  improve- 
ment on c a l c u l a t i o n s  of e l e c t r o s t a t i c  energy of molecular 
models r ep resen t ing  DXA and t a k e s  i n t o  account some degree 
of d i s c r e t e n e s s  of t h e  charges of t h e  molecule. It is  
confined t o  t h e  same reg ions  of r e l i a b i l i t y ,  however, as 
any c a l c u l a t i o n  which employs t h e  l i n e a r i z e d  Poisson- 
Boltzrnann d i s t r i b u t i o n  of ions.  
3 .  "On t h e  Inf luence  of I o n i c  S t r eng th  on t h e  ~ e l . t i r _ g  Tcmp- 
e r a t u r e  of DNA". Coauthor A. D. MacGfllivray. TEC Yre- 
p r i n t  N o ,  3 ,  Jou rna l  of Theore t i ca l  Biology 1 2 ,  260 (1966),. 
This  r e p r e s e n t s  an a p p l i c a t i o n  of the previou-s-work t o  
e x p l a i n  t h e  log-arithmic r e l a t i o n s h i p  wi th  ionic s t r e n g t h  
obta ined  experimental ly  and u s e s  a simple s t a t i s t i c a l  
theory.  
4. @'The Inf luence  of I o n i c  S t r eng th  on t h e  R a t e  of Unwinding 
of DNA". Coauthor A. D. MacGillivray. TBC P r e p r i n t  No.  4. 
This  is  an a p p l i c a t i o n  of t h e  a b s o l u t e  r e a c t i o n  r a t e  t heo ry  
of Eyring t o  e x p l a i n  experimental  d a t a  on t h e  ra te  processes  
of t h e  unwinding of DNA. Th i s  t h e o r e t i c a l  concept is  await- 
i n g  t h e  d iscovery  of f u r t h e r  experimental  information on 
fast r e a c t i o n  rates be fo re  pub l i ca t ion .  
5 .  "A V a r i a t i o n a l  Approach t o  t h e  Dynamics of t h e  Iielix-Coil 
T rans i t i on" .  Coauthor A,  D. MacGillivray. 40th Nat ional  
c o l l o i d  Symposium, Wisconsin (June,  1366) . This  d e s c r i b e s  
a semi-direct  method from t h e  c a l c u l u s  of v a r i a t i o n s  f o r  
t h e  c a l c u l a t i o n  of t h e  e l e c t r o s t a t i c  energy of DNA i n  
v a r i o u s  conf igu ra t ions .  
6. "Theore t i ca l  S tud ie s  of Models Concerned wi th  P o s s i b l e  
Mechanism of Repl ica t ion  of DKA" . Coauthors R. Rein,  
M. Pollak. 2nd I n t e r n a t i o n a l  Congress of Biophysics i n  
Vienna, September, 1966. This  d e s c r i b e s  t h e  c a l c u l a t i o n  
of bindj-iig ene rg ie s  w i t h i n  a model of t h e  r e p l i c a t i o n  
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1 '  
p l a n e  (two base p z i r s )  of DNA, 
7. "A Theory of DNA 1-Iembrane I n t e r a c t i o n " ,  A.  E. McP;lullen. 
2nd I n t e r n a t i o n a l  Congress of Biophysics i n  Vienna, 
September, 1966, 
8, "A T h e o r e t i c a l  Considerat ion of t h e  E f f e c t  of Ionic 
St reng th  on t h e  Helix-Coil T rans i t i on" ,  Coauthor 
A ,  Do MacGillivray. 3rd rneeting PEES, Warsaw (1966) 
Meetings Attended: 
40th Colloid syniposiuln of A.c,S., Wisconsin, June, 1966, 
To p r e s e n t  a paper (MacGillivray arid McNullen) . 
2nd. I n t e r n a t i o n a l  Biophysics Congress, Vienna, 
September, 1966. To p r e s e n t  two papers  (McMu!Aen and 
Rein; NcXullen and Pollak) and t o  c h a i r  one of the 
sections . 
Department of B iophy s i c s 
School of Medicine 
Research Projects Undertaken: 
1. T h e  p h y s i c a l  meaning of nonsp rne t r i ca l  c o e f f i c i e n t  
matrices i n  i r r e v e r s i b l e  processes .  
2. T h e  concent ra t ion  dependence of t h e  e lec t roosmot ic  
c o e f f i c i e n t  i n  wide po re  membranes. 
3.  A study of t h e  parameters governing p e r i o d i c  
phenomenon i n  membranes , 
4. S t u d i e s  of t h e  r e l a t i o n s h i p  between t r a n s p o r t  
p r o p e r t i e s  and type  of phosphol ipid 3.n phasphol ipid 
membranes models. 
5, A g e n e r a l i z a t i o n  of Carie's theorein: The e f f e c t  
of symmetry i n  the boundary condi t ions .  
Pub l i ca t ions :  
1. Caplan, S o  R. and Plikulecky, D. C - ,  "Transport  Processes  
in Membranes", Ion -__ Exchange, __  __ - - _ - -  J. Marinsky ( E d , )  , Marcell- 
Dekker Publ. Co., i n  press (1966). 
2. Mikulecky, D. C , ' 'Sodim-Potassium Ion Exchange E q u i l i b r i a  
fo r  Fragmented Human Erythrocyte  dhoStS"# m t u r e  205: 706 
(1965) . --, 
3.  Mikulecky, I). C. and Ca.plan, S. R., "The  Choice of Reference 
Frame i n  t h e  Trcatnient of Membrane Transport  by Non- 
Equi l ibr ium Thermodyna.mics", i n  p r e s s  (1966) . 
4, Mikulecky, n. c.8 Sne l l ,  F, &I., "The Meaning of Assynunetry 
i n  Phenomenological Coef f i c i en t s "  , Biophysical Society 
Abstract' -----_ - (1966) . _I 
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5, Mikulecky, D. C. 8 "Bio logica l  Aspects of Transport" ,  
submitted for  p u b l i c a t i o n  (1966) , 
Meetings a t tended  : 
1, N.Y,A.S,  - Biologica l  Membranes: Recent Progress ,  
October, 1965, 
2 ,  I n s t .  for F l u i d  Dynamics and Applied Mathematics, 
Univ, of MaryLana: Symposium on t h e  Dynamics of 
F l u i d  and Plasmas. O c t .  7-9, 1965, 
3 , Biophysical  Society,  February, 1966, 
4, Gordon Research Conf. : I n t e r z c t i o n  znd 'L';"ansport 
i n  Fhy'sical, Chemical and. Biol.ogica1 Systems, 
June 20-24, 1966, 
5. Summer Workshop i n  Transpor t  Theory, June 27-JUly 6, 
1966, State Univers i ty  of New York a t  Buffalo,  
Buffelo,  N. Y, 
Papers read: 
1 . "The P.5eeniny of Nonsyrmnetric C o e f f i c i e n t  Mztrices 
i n  I r r e v e r s i b l e  Processes" a t  Biophysical Society, 
February, 1366, 
2.  "The Choice of Reference Frame i n  t h e  Treatment of 
Membrale Transport  by Uon-Equi  1 ibr i urn Thermodynmics 
11: rhenoinenological Equations for E! wide Pore 
Kodel" a t  Gordon Rescarch Conference, J u n e  20-24, 1966. 
Dori ta  A. Norton, A s s i s t a n t  Professor  
I n s t i t u t e  of Crystal lography 
Roswell Park Memmor ia l  I n s t i t u t e  and 
Department of Biophysics, School of Medicine 
Research Projects Undertaken: 
1, S t e r o i d  s t r u c t u r e  and funct ion,  
2. C r y s t a l  and molecular s t r u c t u r e  determinat ions,  
3 .  S t e r o i d  complexes w i t h  o t h e r  b i o l o g i c a l l y  important 
molecules. 
4, Change t r a n s f e r  complexes and s t r u c t u r a l  func t iona l  
r e l a t i o n s h i p s ,  
P u b l i c a t i o n s  : 
1. 
2 ,  
3 ,  
4. 
5. 
6 .  
Norton, D. A. and Haner, V, A., "Crys t a l  Data (I) for 
some Biol A c i d  Derivatives',  A c t a  C r y s t . ,  s : 4 7 7  
(Sept., 1965). 
Ohrt, J. M I ,  Haner, V. A,  and Norton, D. A., "Crys t a l  
D a t a  (I) f o r  some Halogenated S tero ids" ,  Acta C r y s t , ,  
- 19: 2bO ( A u g . ,  1965)  , 
Ohrt, J. M., Haner, V. A., and Norton, D. A., HCryStal 
D a t a  (11) for some Androstanes", A c t a  C r y s t . 8  19:479 
(Sept. 8 1965) . 
Wobschall, D. and Norton, D. A., ' Iodine Complexes with 
Cyclohexanone and Related Compounds" , Amer. 3. Chem,, 
- Ei7: 3559 (1965) , 
O h r t ,  J. M.8 Haner, V. A,, and Norton, D. A., "Crys t a l  
D a t a  ( I )  f o r  some Pregnane-Related Compoundsm , A c t a  
C r y s t , ,  2 ~ 8 6 9  (Novo, 1965). 
Egar, C. and Norton, D. A, ,  'Androgenic Steroid Complexes 
with p-Bromophenol" Natu re ,  208:997 ( D e c . ,  1965). - 
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7. Norton,, D, A. and O h r t ,  J. M,, "Introduction to Steroid 
Molecular Stockingt1 , J. Theor. Biol .  # 11: 140 (1966) . - -_I 
8, Haner, V. A. and Norton, D,  A . ,  " C r y s t a l  Data (I) f o r  
some ChoLestrone Der iva t ives"  8 Acta Cryst . ,  20 :  930 
(1966) . 
Meetings attended: 
1. V I 1  I n t e r n a t i o n a l  Congress and Symposium of t h e  
I n t e r n a t i o n a l  Union of Crystal lography,  July 12-21, 
1966, MOSCOW, Russia. 
S ,  Ohki, A s s i s t a n t  Professor  
Unit  f o r  Theore t ica l  Biology 
School of Pharmacy 
Research P ro jec t s :  
1, The expanded phase of monolayers has  been t r e a t e d  
as a two-dimensional l a t t i ce  gas, using l a t t i ce  
gas theory,  
t r a n s i t i o n  L1 t o  condensed phase have been analyzed 
The phase t r a n s i t i o n  p o i n t s  f o r  t h e  
f r o m  t h e  s ta t i s t ica l  mechanical p o i n t  of view, and 
comparison made with  e x p a r h e n t a l  data, 
2. S tud ie s  are i n  progress  on t h e  oi l - in-water  $ 
w a t e r  i n  o i l  t r a n s i t i o n .  
P u b l i c a t  ions: 
1. R e c t i f i c a t i o n  by a Double MWbrc?ne, J, Phys. Soc,, Japan, 
V o l ,  20, 1674 (1965). 
2, Appl ica t ion  of t h e  Lattice G a s  Theory t o  Lip id  IvIonolayers, 
J. Theor. Biology ( i n  p r e s s ) ,  
Meetings Attended : 
Colloquium i n  Theore t ica l  Siology, F o r t  Col l ins ,  July- 
August, 1966. 
R. Rein, Assoc ia te  Research Professor  
Unit  f o r  Theore t ica l  Biology, School of Pharmacy 
This  r e p o r t  inc ludes  c o l l a b o r a t i v e  work with 
G, 










Clark,  Chemistry Department, Buff a10 
Harris, Chemistry Dcpartmmt, Stanford 
Pol lak,  Physics  Department, Rivers ide  
A r i b a r ,  Tt’cizmarm I n s t i t u t e ,  Israzl 
Clave.ri e, I n s t i t u t e  de Bio logie  Physico-Chimique, Par is  
Wej-ss, Department of Experimental Pathology 
Gvetina, Research Assocj.ate 
Fukuda, Research Assoc ia te  
David s , G rztduat e S-tude nt , Mathematics Department 
Win, Chemistry Department 
Harl-os, C h e m i s t r y  Department 
Roswell Park Hernorial I n s t i t u t e  
Summary of Research Achievements: 
The p r i n c i p a l  ob jec t ive  of th.e Quan-i-,um Grasp was t h e  
eva lua t ion  of molecular i n t e r a c t i o n  energies ,  necessary f o r  
t h e  formula t ion  of a theory from f i r s t  p r i n c i p l e s  of the 
order d i s o r d e r  t r a n s i t i o n  i n  Bio logica l  macromolecules, in 
p a r t i c u l a r  t hc  d e s c r i p t i o n  of t h e  h e l i x - c o i l  t r a n s i t i o n  i n  
DNA, 
Some of t h e  more important problems t o  be solved i n  
connect ion wi th  t h e  above ob jec t ives  arc: 
1, Improved c a l c u l a t i o n  o f  t h e  complete e l e c t r o n i c  
s t r u c t u r e  ( including both: and n e l e c t r o n s )  of 
bio-molecul.es , 
v 
With p a r a l l e l  development of 
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2. 




appropr i a t e  advanced molecular orbital. methods 
s u i t a b l e  f o r  t h i s  t y p e  of c a l c u l a t i o n s ,  
Development of imprcved methods fo r  c a l c u l a t i o n  
of i n t e r a c t i o n  ene rg ie s  between neighboring l a r g e  
molecules, 
Using t h e  above methods, t h e  c a l c u l a t i o n s  or" t h e  
hydrogen bond, s t ack ing  and non n e a r e s t  neighbor 
c o r r e l a t i o n  ene rg ie s  i n  DXA. 
The c a l c u l a t i o n  of t h e  s o l v a t i o n  ene rg ie s  f o r  
the h e l i x  and f o r  t h e  bases i n  t h e  rcm.durn coil .  
Ef fec ts  o r i g i n a t i n g  frcn t h e  phosphate charges,  
and i n t e r a c t i o n s  wi th in  ions  of t he  media. 
Refinement and t e s t i n g  of e x i s t i n g  s t a t i s t i c a l  
models, using r e s u l t s  i n  3, 4 and 5 and a t t e a p t i n g  
correlaizions wi th  experimental  data, 
S u b s t a n t i a l  r e s u l t s  have beer, a r r i v e d  i n  connect ion 
w i t h  problems 1, 2 and 3 ,  These r e s u l t s  have been presented  
in 11 p u b l i c a t i o n s  and 14 meeting papers ,  
ou t s t and ing  r e s u l t s  are: 
Some of t h e  m o s t  
1, The development of the  Extended Huckel Theory and 
i n t e g r a l  approximations i n  molecular o rb i ta l  theory,  
which r e p r e s e n t s  a groundwork f o r  ah improved de- 
s c r i p t i o n  of t h e  e l e c t r o n i c  s t r u c t u r e  of large 
molecules. On t h i s  project, we g r e a t l y  b e n e f i t e d  
from t h e  co l l abora t ion  wi th  Dr. F. E. H a r r i s ,  who 
i s  an outs tanding a u t h o r i t y  i n  t h i s  f ie ld .  
2. I n  c o l l a b o r a t i o n  wi th  D r .  14, Pol l ak  and more re- 
c e n t l y  wi th  D r .  P i e r r e  Claver ie ,  w e  completed the  
formulat ion of methods fo r  c a l c u l a t i o n  of a l l  t h e  
i n t e r a c t i o n  energy compcnents i n  DNA. 
3 ,  We have a l r eady  performed t h e  c a l c u l a t i o n  of Hydrogen 
bond ene rg ie s  of the nuc leo t ide  bases  which mccess- 
f u l l y  matches with e x p e r i a c n t a l  quantities. We zre 
i n  t h t  phase of s impl i fy ing  the  calcu1,ations at.  
t h e  s t ack ing  and non n e a r e s t  neighbor i n t e r a c t i c m  
energ ies ,  which w i l l  be p a r t i c u l a r l y  u s e f u l  i n  
connect ion with t e s t i n g  of s t a t i s t i c a l  rnoc3cl.s. 
We are now i n  the beginning phase of projects 4, 5 and 
6 and w i t h  t h e  e x i s t i n g  background we hope t o  make a r a p i d  
p r o g r e s s  which Kay provide  i n t e r e s t i n g  i n s i g h t  i n t o  t h e  
mechanism and factors involved i n  t h e  h e l i x - c o i l  t r a n s i t i o n  
p r o c e s s  in DNA and u l t ima te ly  t o  of fe r  a complete t h e o r e t i c a l  
d e s c r i p t i o n  of t h i s  process ,  












On t h e  Iiydrogen Bonding Schemes Between Pur ines  and Pyl-imF- 
d ines ,  Coauthor M, Pollak,  J, T h e o r e t i c a l  B i o l .  ll., --- _I 
490-494 (1966) , 
I n t e g r a l  Approximations for  Molecular O r b i t a l  Theory, 
Coauthor F, E, H a r r i s ,  Thioretica Chimica A c t a .  6, 
73 (1966). 
- -  
Approximations of Molecular Piitegrads. Coauthor F , E, H a r r i s ,  
Accepted f o r  p u b l i c a t i o n  i n  Nature, --- 
Ca1cul.ation Explains  r.Iuta.tion, Reported by t h e  E d i t o r  , 
Chern. & Eng, News, A p r i l  15, 1966, p. 39. 
I t e r a t i v e  Extended Iiuckel Theory, Coauthors N, Fukuda, 
H, Win, G, Clarke, F, E, Harris. J, Chem. P h E i c s  
scheduled for p u b l i c a t i o n  D e c ,  15, 1966, 
-.- --0 
S t u d i e s  of Hydrogen Bonded Systms,  Part 111, P o t e n t i a l  
energy s u r f  ace, tunnel.lng and t a u t o n e r i c  e q u i l i b r i a  i n  
t h e  N-€1,. ,N and 0, , ,H-N bonds of t h e  Guanke-Cytosine 
base p a i r ,  Coauthor F ,  E, Harr is .  J. Che;n. Physics,  44, 
(1966). 
S t u d i e s  of Hydrogen Bonded Systems, P a r t  I V  R a d h t i o n -  
induced tunne l ing  and tau tomer ic  e q u i l i b r i a  in t h e  
guanine-cytosine base pair ,  coauthor  F, E, H a r r i s .  
J, Chem, Phys., 45, 1797 (1966). 
Molecular O r b i t a l  S tud ie s  of Interrnolecular I n t e r a c t i o n  
Energies,  P a r t  I, llethods and a p p l i c a t i o n  i n  helical  
polymers, Coauthor M. Pollak. Submitted f o r  publ ica-  
tion i n  J, Chem, Phys, - 
Molecular O r b i t a l  S tud ie s  of In te rmolecular  I n t e r a c t i o n  
Energies. P a r t  11. Approximations concerned with 
Coulomb i n t e r a c t i o n  and comparison of t h e  two London 
schemes, Coauthor )I, Pollak.,Subrnitted for  publ ica-  
t i o n  J. Chcm, Phys, --
On the Nature of Calcium Or ig ina t ing  fron t h e  bones A 
Double  Tracer Study. Coauthors G. A, Roclan, M. Parran,  
M, A n b a r ,  Submitted t o  American Journa l  of Physiology, -- --- 
-5- 
11. O n  the Calcu la t ion  of van der I'lals, London, 1nter ;c t ions 
i n  a monopole-bond F o l a r i s a b i l i t y  approxima-tion wi th  
a p p l i c a t i o n  t o  i n t e r a c t i o n  between pu r ine  sild py r i -  
midine bases. Coauthor P. Claverie .  Ready for  publ i -  
c a t i o n ,  
--- Meeting Papers _I
12. Semi-Empirical Study of Hydrogen Bonding Between Pur ine  
and Pyrimidine Bases. Coauthor F. E. H a r r i s .  I n t e r -  
n a t i o n a l  Symposium on t h e  Quantum Theory of Atoms and 
Molecules and Solid-state Physics,  Annual Progress 
Report, (1965-66), p. 55. 
13. Stud ies  of In te rmolecular  I n t e r a c t i o n s  i n  DNA By a 
P e r t u r b a t i o n  bIcthod i n  the Idonopole Approxirr,ation. 
Coauthor 14, Pollak. Ibid, p. 56. 
14. Semi-Empirical Treatment of t h e  Overlap Energy i n  DEA. 
Coauthor M. Pollak, Ib id ,  p, 57, 
1 5  . A Study of Ti-Electron 1ntermolecu.lar Interactions, with 
some Appl ica t ion  t o  Biopolymers. Coauthor 14. Pollak.  
B u l l ,  Am. Phys. Sot.-, V o l .  11, No. I, (1966). 
16, Some R u n a r k s  on I n t e r a c t i o n  Energies  Between Bases i n  
Nucleic  A c i d s .  Coauthor M. PolLak. ------I-*- Abstracts Zm. 
Biophys. -__-* SOC , 10th  annual  mscting, (1966) p. 15 ,  
17. O n  t h e  A p p l i c a b i l i t y  of Nolecular  Exciton Theories  t o  
DE% . Coauthor M, Pollak. Abs t rac t s  _I- Am. Biophys .-soc-r, 
Ibid.  
18. Radiation-induced Tunneling i n  t h e  Guanine-cytosine B a s e  
P a i r ,  Coauthor F. E. H a r r i s .  Abstracts -II_ Am. Chem. 
- Sac. Meeting, 151st. annual meeting (1966) . 
19. On t h e  Hydrogen Bonding Scheme between Pur ines  and 
Pyrimidines.  coauthor  M. Pollak. Abstracts Am. Chem, 
- SOC. Meeting, Ib id .  
20. T h e o r e t i c a l  S t u d i e s  of Models Concerned wi th  Possi'nle 
Mechanisms of Rep l i ca t ion  of DNA. Coauthor bl. Pol lak ,  
A. I. MciwIullen, Abs t r ac t s  2nd. I n t l ,  Biophysics 







Stacking  Energies  between Eases i n  a DNA C o n f  Fgurnt ion,  
coauthor  bl, P o l l & .  iAbstracts, Ibid,  p, 139 
I t e r a t i v e  Extended FIuckeL T h e o r y .  
G ,  Clarke, H, Win and F. E, Har r i s ,  Abstracts Pm, 
Chem, -___---I_-- SOC, Meetinq, (1966). 
Coauthors N. Fukuda, 
-I 
Appl i ca t ion  of I t e r a t i v e  Extended Huckel Theory, 
Coauthors G. Clarke,  H, Tieckelmann, H. win, N, 
Fukuda z d  F ,  E, H a r r i s ,  Abs t rac ts ,  I b i d ,  
_I 
I t e r a t i v e  Extended €luckel Theory. Coauthors, G o  Clarke,  
H, Win, 11. Fukuda, F .  E. H a r r i s ,  Ohio Symposium on 
Molecular S t r u c t u r e  and Spectroscopy, (1966), p. 60, 
Abstracts. 
I n t e g r a l  Approximations, Coauthor F. E, H a r r i s ,  Abstract? 
Am, Chem. SOC. bleating, (1966). 
List of 14cetj.rrqs Attended 
1. 
2, 
3 ,  
4. 
5 ,  
6, 
2nd- Annual Biophysics Meeting i n  V i e m a  i n  1966 ac t ed  
as Chairman of t h e  following sec t ions :  
a, Nucle ic  A c i d  I n t e r a c t i o n ,  
b. Nucleic  Acid Theore t i ca l  
I n t e r n a t i o n a l  Symposium for Quantum Theory of A t o m s  and 
Molecules, Sanibe l  I s land ,  Jan,  1966. 
American Phys ica l  Soc ie ty  Meeting i n  Jan, 1966, New Yoxk, 
Biophysical  Society,  January 1966, Boston. 
American C h e m i c a l  Society,  biarch 1366, P i t t sburgh .  
P r e s e n t a t i o n  of colloquium i n  lead ing  s c i e n t i f i c  l a b o r a t o r i e s ,  
-7- 
Physic0 Chimj-que, Paris, France. 
b. Weizmann Institute of Science,  R e h o v o t h ,  Israel, 
C. D e p a r t m e n t  of Quantum Chemistry, Uppsala, Sweden. 
d. Quantum C h e m i s t r y  Grou.p, D e p t ,  of Chemistry, Johns 
Hopkins Un ive r s i ty  
R. Rosen, Assoc ia te  Professor 
Departneat of Mathematics 
School of I4edicine 
College of A r t s  & Sciences,  and Department of Biophysics 
Research P r o j e c t s  undertaken: 
1. Biomathematics and niodeling i n  b i o l o g i c a l  systems . 
2,  Abstract systems as sequen t i a l  machines. O p t i n a l i t y  
theory  and principles i n  biology. 
S c i e n t i f i c  Meetinss -- 
1. 
2. 




Sanibel  Island Symposium on Quantum T%eory. Sanibe l  
IS.klnd, Flor ida ,  1/18/66-1/22/66. 
Gordon Research Conference on Biomathematics 
Andover, New Hampshire, 7/11/66-7/13-66. 
Colloquium on Theore t ica l  Biology. Fort  Co l l in s ,  
Colorado, 7/17/66-8/18/66. 
Case I n s t i t u t e  Symposium on Bio logica l  A s p ~ c t s  of 
System Theory. 10/20-10/21/66 . Cleveland, Ohio. 
American Society for  C e l l  Biology Annual Meeting. 
11/17/66-11/19/66. HOUSton, Texas, 
Biophysical  Society Annual Meeting . 
Boston, Mass , 
2/23/66-2/25/66. 
Pub l i ca t ions  : 
1, "Soine Comments on Re-cstabl ish.&il i ty" ,  Bull. Math, Rionhysics, 
27SI: 11 (1965) -  
-2- 
2 . >ngraph: 0ptimal. i ty P r i n c i p l e s  i n  Biology" London: 
Butterworth and Co. Ltd. ,  i n  press .  
3 .  "Abst rac t  Biological- Systems as SeqEential Machines 191: 
Some Algebraic  Aspects'' . Bul l .  Math. Biophysics 2E! 
(1966), 141-148. 
4 ,  ''A N o t e  on Rep l i ca t ion  i n  (14, R)-Systenis". i b i d .  149-151. 
c I n v i t e d  Lec tures  and Papers 
1. 1/19/66. Sanibe l  I s l a n d  Symposium. "Quantum Theory as 
a Tool in Theore t i ca l  Biology, 
2. 4/13/66. Booth Comyting Centerp  C a l .  Tech. " R e l a t i o a a l  
Biology" . 
3 .  4/21/66. Research Lab. of E lec t ron ic s ,  Stanford.  
R e l a t i o n a l  Biology and Systern Theory . 
4 . 7/11/66. Gord-on Research Conference, Biomathematics . 
"Bio log ica l  Evolut ion as P a t t e r n  Recognition". 
5 8/11/66, T h e o r e t i c a l  Biology Colloquium, F o r t  C o l l i n s ,  
"Towards a Comprehensive C e l l  Theory". 
6 .  11/25/66. C o r m i t t e e  on Math. B i o l . ,  U. of Chicago. 
" A l t e r n a t e  Rea l i za t ions  of t h e  Two-Factor Theory". 
Cont r ibu ted  Papers : 
1. Biophysical  Society.  2/25/66, "On t h e  Phys ica l  B a s i s  
of t h e  Meiotic P a i r i n g  Forces" 




Department f o r  I n t e r d i s c i p l i n a r y  S tud ie s  
School of Engineering 
V, Gal lucc i ,  Graduate Student  
A,  J, B l a t t ,  Graduate Student  
Research P r o j e c t  
Work which w a s  commenced with R. Friedenberg on t h e  
o r g a n i z a t i o n  of p o l a r  groups a t  l i p i d  rclerribrane su r f  aces  was 
continued, w i t h  cons ide ra t ion  g iven  t o  t h e  presence of an 
i n t e r f a c i a l  l a y e r  of p r o t e i n ,  
was i n  t h e  8 conf igura t ion ,  and could be represerLted, i n  i t s  
e f f e c t  on t h e  o r i e n t a t i o n  of l i p i d  p o l a r  groups, by a set  of 
d i p o l e s  r ep resen t ing  t h e  C=O and NH groups, 
It was assurned t h z t  t h e  p r o t e i n  
The o rgan iza t ion  
of t h e  l i p i d  p o l a r  group was t hen  s tud ied  by means of a 
gene ra l i zed  computor program, and found t o  be more s t a b l e  
t h a n  i n  t h e  absence of p r o t e i n ,  
P u b l i c a t i o n s  
1, "A E o n - s t a t i s t i c a l  Approach t o  C e l l u l a r  idembrane Systems", 
R, Friedenberg,  J. F, D a n i e l l i  and I. H, Shames, 
J o u r n a l  of Theore t i ca l  Biolog-y, 1366. --- 
David Shear, Research Associate 
Department of Biophysics 
School of lcIedicine 
Research Projects: 
1, "An Analog of t h e  Boltzmann H-Theorem (A Liapunov 
Funct ion)  f o r  S y s t e m  of Coupled Chemical Reactions",  
submitted f o r  p u b l i c a t i o n  t o  t h e  Jou rna l  of Theoret i -  
cal  Biology. I Prepr in ted  a s  TBC P r e p r i n t  N o ,  13 
T h e  behavior  of t h e  f r e e  enargy of chemical r e a c t i o n  





3 .  
4, 
Biophysical  Soc ie ty  1 0 t h  Annual Meeting, Febru.ary 
23-25, 1966, Boston, Mass. 
Gordon Research Conference on I n t e r a c t i o n  and 
Transport i n  Physical., Chemical, and B io log ica l  
Systems, June 20-24, 1966, Andover, New Nam;?shire. 
New York Heart  Associat ion Symposium on t h e  Con- 
t r a c t i l e  Process, December 9-10, 1966, New York 
Ci ty ,  
Summer Workshop i n  Transport  Theory, June 27-July 6, 
1966, S t a t e  Univers i ty  of New' York a t  Buffalo,  
Buffalo,  N e w  York 
Fred M. Sne l l ,  P ro fes so r  
Department of Biophysics, School of Medicine 
Meetings Attended: 
Research Projects: 
1, Computer simuJ-ation of the f a c i l i t a t e d  t r a n s p o r t  
of oxygen by hemoglobin. 
2. Geometric cons ide ra t ions  of membranes and t h e i r  
e f f e c t  on t r a n s p o r t  phenomena. S n e l l  and Spangler.  
3 .  Models i n  t r a n s c e l 1 u l a r  t ransport  process .  S n e l l ,  
Spangler, Mikulecky. 
Development of a macroscopic phenomenological 
theory  of t r a n s p o r t  based on molecular f r i c t i o n a l  
coef f i c i e n k s  . S n e l l  and Spangler. 
A s t a t i s t i c a l  mechanical i n t e r p r e t a t i o n  of  p a r t i a l  
molecular  stress t enso r s .  Sne l l .  
An i n v e s t i g a t i o n  of t h e  p h y s i c a l  meaning of asyn-metry 
among phenomenological t r a n s p o r t  c o c f f i c i e r k .  S n d l l  
and Mikulecky. 
Development of c o n t r o l  theory  a p p l i c a b l e  t o  b i o l o g i c a l  





1. Symposium of t h e  I n t e r n a t i o n a l  Soc ie ty  of C e l l  
Biology, June 21-25, 1965, ~ r a s c a t i ,  I t a l y .  
2. Symposium on Biophysics and Physiology of B io log ica l  
Transport ,  June 15-18, 1965, ~ r a s c a t i ,  I t a l y .  
-2- 
3 . 10t.h Annual Biophysical Soc ie ty  &leeting, Boston, 
Massachusetts, February, 1966. 
4, Chairman, Gordon Research Conference, 'I I n t e r a c t i o n  
and Transport  i n  Phys ica l ,  Chemical and B io log ica l  
Systems', June 20-24, 1966, Andover, N e w  Hampshire. 
5 . Conducted Summer workshop i n  Transpor t  Theory, June 
27-July 6, 1966, S t a t e  Un ive r s i ty  of New York a t  
Buffalo,  Buffalo,  N e w  York , 
6. NAS-National Research Council Symposium on "Phys ica l  
B a s e s  of C i rcu la to ry  Transport: Regulat ion and 
Exchange" 8 Aspen, Colorado, September 1 4 - 1 7 ,  1966, 
7 . Fourth Annual Symposium on Biomathematics and 
Computer Science i n  t h e  L i f e  Sciences,  Houston, 
Texas, March 24-26, 196G. 
P u b l i c a t  ions  : 
1. Sne l l ,  F. M., " F a c i l i t a t e d  Transport  of Oxygen Through 
So lu t ions  of Hemoglobin", J. Theor. R i o L ,  8:469 (1965) . 
I - 
2. G a b r i e l i ,  E. R., Yeostros, S. J., Doganer, Y., and Sne l l ,  
F. M., "Re t i cu locndoe the l i a l  System Phagocytic and 
Catabol ic  Ac t iv i ty" ,  Arch, Path., 80:  24 ( Ju ly ,  1965) . -
3 .  G a b r i e l i ,  E. R. and Sne l l ,  F. M., " R e f l e c t i o n  of Re-ticulo- 
e n d o t h e l i a l  Funct ion i n  S tud ie s  of Elood Clearance 
Kine t i c s " ,  J .  Reticuloendo, SOC., 2: 141 (Ju ly ,  1965) . 
-3- 
I 
4. S n e l l ,  F. M,, Shulman, S., Spencer, R. P., and Noos, C., 
Biophysical  P r i n c i p l e s  of S t r u c t u r e  and Function, 
Addison-Wesley Publ. Co. ,  Reading, Mass., (1965) . 
5. Spangler,  R. A.  and Snel l ,  F. M., "Equation of Transport 
i n  Terms of Molecular F r i c t i o n a l  Coef f i c i en t s "  , 2nd 
I n t ' l .  Congress on Biophysics, Vienna, September 5-10, 
1966. 
6. S n e l l ,  F M., "Phenomenological Formul.ation of Transpor t  
Equations and The i r  Applicat ion",  Proceedings of Conf. 
"Phys ica l  Bases of C i rcu la to ry  Transport:  Regulat ion 
and ExchangetL , Aspen, Colorado, SepteMber 14-17, 1966, 
Saunders Publ. Co., Phi lade lphia ,  Pa.  
7, S n e l l ,  F. 14. and Spangler, R. A., ''A Phenomenological 
Theory of Transpor t  i n  Multicomponent Systerris" , sub- 
mitted f o r  publ ica t ion .  
8. S n e l l ,  F. M., 'Reciprocal Relatiofis Among Transpcr t  
C o e f f i c i e n t s " ,  J. Phys. Chcm,, - 6 9 ~ 2 4 7 9  (June, 1965) . 
9. S n e l l ,  F, 1.1. and S t e i n ,  Barry, "Onsager Reciproczl Re-  
l a t i o n s  i n  Complex Merrbranes" , J. Theor. Biol.. , - 10: 1 7 7  
(1966). 
--_-- 
10. S n e l l ,  F. M., "The Nature of Coupling of Transport  Processest1,  
Submitted f o r  p u b l i c a t i o n  i n  s p e c i a l  i s s u e  or' PiLotoplasin 
(1965) , 
11. Snell ,  F. M, and chowdhury, T. K., " I n t r a c e l l u l a r  P o t e n t i a l s  
i n  Frog Sk in  and Toad .Bladder",  i n  Xnposia of t h e  
I n t e r n a t i o n a l  Society for C e l l  Biology, Cather ine  B, 
Warren, ed, (1966). 
12. Chowdhury, T. K. and Snell, F .  M., " A  Microelectrode Study 
of Electr ical  P o t e n t i a l s  of Frog Skin and Toad Bladder 
II", T h e  Phys io logis t ,  - 8:134 (1965). 
13. Chowdhury, T. K. and Snell, F. M., "Fur ther  Observations on 
the '  I n t r a c e l l u l a r  E l e c t r i c a l  P o t e n t i a l  i n  Frog Skin and 
Toad Bladder", Biochbn, e t  Biophys, Acta, - 112:581 (1966) . 
14. Chovrdhury, T. K. and Snell, F, M., " Ion ic  Di f fus ion  as a 
B a s i s  of  Bioelectric P o t e n t i a l s " ,  Biophysical Soc ie ty ,  




15, Spangler, R ,  A ,  and Snel l ,  F, M,, "Macroscopic Eyuat ior ,  
of Transport  i n  T e n n s  of Plolecular F r i c t i o n a l  Coef f i -  
c ien ts"  , Biophysical Society,  "Discussion Only Session" , 
Membrane and Transpor t  Phenomena (1966). 
16,  Mikulecky, D. C. a.nd Snel l ,  F,  MI, "The Meaning of Asyrrmetry 
on Phenomenological Coef f i c i en t s "  Biophysical Soc ie ty ,  
FD-5 (1966) , 
1 7 ,  Sne l l ,  F, M,, "Biophysics" (Book review on Nonequilibrium 
Themodpxxrnics -- i n  Biophysics by A. Katchalsky and P. 
F. Curran) Science, 151:1378 (March 18, 1966) , 
18, Spangler, R, A, and Snel l ,  F, MI, ' tTransfer  Funct ion 
Analysis  of Chemical Kim t i c s  Systems", J, Theor. R i o l - . ,  
Submitted f o r  p u b l i c a t i o n  (1965) . 
19, Spangler, R. A, and Snell, F, M I ,  "TransLrer Funct ion 
Analys is  of an O s c i l l a t o r y  m d e l  Chemical Sya Ptm': 
-- J, Theor. B ~ S . , ,  Submitted for p u b l i c a t i o n  (1965) 
20, T h r a l l ,  Robert PI. and Sne l l ,  Fred M., " Jo in t  E f f o r t s  of 
CUEBS and CUPM" 8 Abstract, Fourth Annual Symjjosiurn on 
Biomathematics and Computer Science i n  t h e  L i f e  Sciences, 
HOUStOn, Texas (March 24-26, 1966). 
Robert A. Spanglcr, A s s i s t a n t  Professor 




3 .  
G e o m e t r i c  cons ide ra t ions  of menibranes and t h e i r  
e f f e c t  on t r a n s p o r t  phenomena. 
Models i n  t r a n s c e l l u l a r  t r a n s p o r t  p rocess  . Sne l l ,  
Spangler  and Mikulecky e 
Development of a macroscopic phenomenological t heo ry  
of t r a n s p o r t  based on moleculzr f r i c t i o n a l  coeffi- 
c i e n t s .  S n e l l  and Spangler . 
Spangler and Sne l l .  
Meetings Attended: 
1. 2nd I n t ' l .  Congress on Biophysics, Vienna, Septerrher 
5-10, 1966. 
Pub l i ca t ions :  
1. 
2. 
3 .  
40 
Spangler,  R. A. and Sne l l ,  F. M., "Transfer  Function Analysis  
of a Chemical ~ i n e t i c . S y s t e m " ,  submitted for  pub l i ca t ion .  
Spangler,  R. A. and Snel l ,  F. M., "Transfer  Funct ion Analysis  
of a n  O s c i l l a t o r y  m d e l  Chemical System", subinitted f o r  
publ icat  i o n  . 
S n e l l ,  F.  M. and Spangler, R. A I ,  "Transport  Characteristics 
i n  Tubular Invaginated Membranes", subrnitted fo r  p u b l i -  
ca t ion .  
Spangler,  R. A. and Snel l ,  F. M., "A Dual Wavelength, Dual 
Beam Microspectrophotometer", Biophys. SOC, A b s t . ,  F H - 1 1  
(1965). 
5,  Spangler8 R. A, and Snell, F. M-0 "Equation of Trmspor t  
i n  Terms of b l o l e c u l a r  F r i c t i o n a l  Coef f i c i en t s "  8 2nd 
I n t  '1, Congress on aiophysics, vienna, Septemnber 5-10, 
1966. 
6. Sne l l ,  F, M. and Spangler, R. A.8 *'A Phenomenological. Theory 
of Transpor t  i n  Multiccmponent Systeins" 8 submit ted f o r  
pub l i ca t ion .  
NOTE: Recipient  of a Research Career Development A w a r d  for 
a 5-year term from t h e  Pub l i c  Health Service.  W i l l  
spend one y e a r  (Sept., 1966-Sept., 1967)  i n  t h e  
laboratories of Professor Aaron Katchalsky a t  the 
Weisniann I n s t i t u t e ,  Rehovoth, Israel, 
D, J. Triggl-e, Assoc ia te  Professor .  
Unit  f o r  Theore t ica l  Biology 
and 
Department of Bj-ochcmical Pharmacology 
School of Pharmacy 
Post-Doctoral F e l l G w s  
M. May 
F ,  Ridley 
S. S, Cha t t e r j ee  
Reseaxch Projects: 
1, Kine t i c  i so tope  e f f e c t s  i n  enzymz reac t ions .  
2. I r r e v e r  s i b  l y  ac t ing  a n a l g e t i c  agents .  
3 .  Design of compounds t h a t  i r r e v e r s i b l y  i n t e r c a l a t e  
i n  DNA, 
4, Conformational a n a l y s i s  of t h e  ace ty l cho l ine  
r ecep to r  a 
Much work has  been done a lkylak ing  agents ,  including 
a l k y l a t i n g  analogs of folic acid,  which may be of value i n  
chemotherapy. Work has continued on s t u d i e s  r e l a t e d  t o  the  
i s o l a t i o n  of t h e  nor-epinephrine a receptor .  Perhaps some 
of t h e  most i n t e r e s t i n g  work l i es  i n  t h e  area of q u a n t i t a t i v e  
pharmacology (pub l i ca t ions  16 and 1 7  and unpublished work) 
where we have demonstrated t h a t  t i s s u e  response i s  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  number of a v a i l a b l e  r ecep to r s  and t h a t  
maxiriliim response occurs when loo”/, of t h e  r ecep to r s  are ava i l -  
able for occupation. 
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2-Halogeuoethylamines as P o t e n t i a l  F o l i c  A c i d  Antagonis ts  
I. Syn thes i s  and Bio logica l  A c t i v i t y  of Ethyl-N-[2- 
amino-4-hydroxy-6-rr,ethyl-5-pyrimidyl) -3- (2-chloro) - 
propy l  J-p-cuninobenzoate. A. 14, T r i g g l e  and D. J. Tr iggle ,  
J. of Pharmaceutical  Sciences,  L. 548 795 (1965). 
Po-kent ia l  F o l i c  Acid Antagonists.  I. The Antiturnor and 
F o l i c  Acid Reductase I n h i b i t o r y  P r o p e r t i e s  of 6-Subst i tuted 
2, ~-D~;?m~no-5-ary lazopyr~mid~nes  . J. Harpshire, P. Hebborh, 
A. M. T r igg le ,  D, J. T r i g g l e  and S ,  Vickers, 5. Med. Chein,, 
- 8, 745 (1965).  
A Study of Comparative Chemical and Bio log ica l  A c t i v i t i e s  
Of Alky la t ing  Agents. T. J, BardOS, Ne Datta-Gupta, 
P. Hebborn and D. J. Tr iggle ,  J, of bled. Chem., - 8, 167 
(1965) . 
@ - (2-Bronoethyl) -I? -ethylsuLf an i l smide ,  a bIonofm-cLional 
Nitroljen btustard with Antitumor Act ion,  Po Hebbolcn 
and D. J. Tr iggle ,  J. of bled. Chem,, - E;, 541 (1965). 
The S e l e c t i v e  Antitumor Act ion  of some A l i y l a t i n g  Sulfor,- 
amides, P .  J. Barnard, J. F. D a n i e l l i ,  R. I-Iawkins, 
P. HebbOrn, A .  Nuggleton, D. T r i g g l e  arrd A, 14, Tr igg le ,  
Archiv io  I t a l i a n 0  de Pa to log ia  e C l i n i c a  d e i  T'umori, 
V I I I ,  141 (1965). 
In t r amolecu la r  P a r t i c i p a t i o n  i n  E s t e r  Hydrolysis by the 
Diazonium Group. D. J, T r i g g l e  and S. Vickers,  Chemical 
Conununi~a t ions~  544 (1965). 
The 14echanism of I n t e r a c t i o n  of 2-~alogenoethylamines at 
t h e  Noradrenal ine Receptor, H. Xirnelberg, J, F. Moran 
and D. J. Tr iggle ,  J. Theoret.  Biol. - 9, 502 (1965). 
The React ions of 2-Halogenoethylmines a t  t h e  Noradrenaline 
Receptor-Storage Complex. H. Kinelberg and D. J. Triggl.e, 
J. of Theoret.  B i o l .  2, 313 (1365). 
2 -~a logenoe thy l~ .mines  and Receptor Analysis ,  D. J. Tr iggle ,  








The Estrogen5.c A c t i v i t i e s  of 16a, 17n- and 163, 175-Epoxy-l, 
3,5  (lo) -Estratriene-3-OLI 1.1. May, R, J. Johnson, D,  J, 
Tr igg le ,  J. F. D a n i e l l i  and S. S. H. G L l a n i ,  L i f e  
Sciences,  c 4 (1365) , 
The Synthes is  of Nitrogen-Containing S te ro ids ,  I e D i e l s -  
Alder Adducts of S t e r o i d s  and 4-Phenyl-L,2-4-triazolin.e- 
3,5-dione’ . So S. H. G i l a n i  and D, J. Tr iggle ,  J. Org. 
Chem.0 _I 31, 2397 (1366). 
2 , 4-Diamino-6-substituted-5- (4-carbethoxyphenyl.azo) p y c i i d i n e s  
as i r r e v e r s i b l e  I n h i b i t o r s  of F o l i c  A c i d  Reductase. 
J. Hampshire, P.  Hebborn, A, M. T r i g g l e  and D. J. Triggle ,  
J, Pharm. Sci., 55, 453 (1966). 
Rate-determining Step i n  the Action of L-Arriino-acid Oxidase, 
D. J. TriggJ-e and J. F. Moran, Nature ,  211, 307 (1366). -
6-S ub s% it u t  ed 2,4-D imino-  5 -. ( 4- carb ethoxyphenyl azo py r  &ai- 
d i n e s  as P o t e n t i a l  Precursors  of T e t r a h y d ~ o p ~ e r i ~ ~ - n e  
Ant imetabol i tes  . M. Chadwick, J. Hampshire, P .  Heb3orn, 
A. M, T r i g g l e  and D. J. TriggXe, J. Med. Cheni. 3 874 
(1966) . 
Chemical A s p e c t s  of The kutononic Nervous System. 
D. J. Tr iggle ,  Academic Press, NOvm~ber, 1965, 





Stud ies  on The Adrenergic a-Receptor. I. J. F. kloran, 
M, May, H. Kimelberg and D. J. Tr igg le ,  J. Mol. 
Pharm, 1967 (January) , 
S t u d i e s  on t h e  Adrenergic a-Receptor. 11. M. May, 
J. F, Moran, H. Kinelberg and D. J. Tr iggle ,  
J. 14olec. Phamacol.  1967 (January) .  
5-Subst i tuted Pyrimidines. 11. A. M. T r i g g l e  ar.d 
D, J. Tr igg le ,  J. Ned, Chem. 1967 (January) ,  
P a r t i c i p a t i o n  by t h e  Diazonium Group i n  Carbonyl Reactions. I. 
S. Vickers  and D, J. Tr iggle ,  J. Chem. SOC, (Spring, 1967). 
b 
20. The Afialges5.c and Hypothermic A c t i v i t i e s  of some N- 
Subs t i tu ted  a-5,9-Dlmethyl-6,7-Bcnzomorpiians o 
M. May and D .  Jo Triggle, iqaturc (Spring, 1967). 
, 
r ,  
V, S . Vaidhyanathan, Associate P ro fes so r  
Unit  for Theore t i ca l  Biology 
School of Phannacy 





Molecular t heo ry  of i n t e r f a c i a l  phenomena ( c o l l n -  
b o r a t i o n  wi th  Frank Buff of Rochester) .  
Theory of t r a n s p o r t  c o e f f i c i e n t s ,  
Compartmental systems. 
Thermodynamic func t ions  of two-dirnensional sys tmis  




3 .  
4 . 
5 .  
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I n t e r n a t i o n a l  Symposium on Membrane Phenane~a ,  
F r a s c a t i ,  1965 . 
Conference on Recent Advances i n  Phys ica l  and 
Mathematical Sciences, N e w  York, November 1965 . 
American Chemical Society,  P i t t sburgh ,  A p r i l ,  1966 . 
Gordon Conf ereiice on Phys ica l  I n t e r a c t i o n s  i n  
B io log ica l  SysteiiLs, June 1966. 
Surmner Colloquium i n  T h e o r e t i c a l  Biology, F o r t  
Co l l in s ,  July-August 1966. 
Biophysics Congress, Vienna, September 1966. 
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1 Pub l i ca t ions  (Since June, 1965) : 
1. 
2, 






9 .  
10. 
11 
S t a t i s t i c a l  Mechanical Theory of E l e c t r o l y t e  Di f fus ion  
I n s i d e  a Charged I.Iwbrane, J. Theor. B i o l . ,  8, 344 
(1965). 
- 
S t a t i s t i c a l  Theory of Transport  of E l e c t r o l y t e s  Across 
A Charged I&mbrane, J. Theor. B i o l . ,  2, 478 (1965). 
O n  t h e  Cri ter ia  of Active Transport ,  J. Theor. R i o l . ,  9 - 
489 (1965). 
Some Comments on Stead.y State Transport  of Ions  Across 
A Charged Meinbrane, J. Theor. B i o l . ,  lo, 159 (1966) . 
Moleculer Theory of Nerve P o t e n t i a l s ,  coauthor, Hannah 
M. P h i l l i p s ,  J. Theor. Biol,, 30, 460 (1366). 
Some Theore t i ca l  Aspects of B io log ica l  Transpo%t, pro- 
ceedings of I n t e r n a t i o n a l  Conf. ce1J. Biology, Rome, 
(1965) 
Theory of Mechano-elective Membrana Transducers, J. Theor. 
B i o l . ,  I_ 12, 000, (1967), 
Mobile Ion I n t e r a c t i o n s  i n  Membrane ?hase, coauthor, 
Hannah 14. P h i l l i p s ,  J. Theor. B i o l . ,  12 ,  000, (1967). -
Molecular Theory of Membrane P o t e n t i a l ,  J. Phys. SOC, 
of Ja.pan, 21, 1363 (1966). -
Concentrat ion P r o f i l e s  and Steady State  Fluxes of 
Permeable blolecules i n  a Membrane System, Abs t r ac t  
of # 3 5 3 ,  I I n d  I n t e r n a t i o n a l  Biophysics Congress, 
Vierma, (1366) . 
A Cont r ibu t ion  t o  t h e  Theory of S t a b i l i t y  of Bimolecula% 
Lipid Films I, T o  be published.  
